® 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



iiiiiiiiiiPiini 



© Publication number: 



0 486 901 A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 91119070.0 
© Date of filing: 08.11.91 



© IntCIAGHC 11/22 



® Priority: 21.11.90 US 616605 

© Date of publication of application: 
27.05.92 Bulletin 92/22 

© Designated Contracting States: 
DE FR GB IT NL 



© Applicant: NATIONAL SEMICONDUCTOR 
CORPORATION 
2900 Semiconductor Drive 
Santa Clara, CA. 95051 -8090(US) 

© Inventor: Jaffe, James M. 
2375 Pilot Knob Drive 
Santa Clara, CA 95051 (US) 
Inventor: Abt, Norman E. 
1008 Capuchlno Avenue 
Burllngame, CA 94010(US> 

© Representative: Sparing, Nikolaus, Qlpl.-lng. et 
al 

Rethelstrasse 123 
W-4000 DUsseldorf 1(DE) 



© Ferroelectric random access memory and methods of Its operation. 



CO 
00 



CL 
UJ 



© A ferroelectric random access memory, device 
contains columns of ferroelectric memory cells, each 
column of memory cells being coupled to a distinct 
bit line. Each memory cell is selectively coupled to a 
corresponding bit line by an access control transistor 
so that only one memory cell in the column is 
coupled , to the bit line at a time. To read the data 
stored in a selected memory cell reads, the cell is 
strobed twice, separately sampling the output 'volt- 
age generated each time. Since the first read is a 
. destructive read, the second read operation always 
reads the cell in its n 0 n state. Then the two sampled 
outputs are compared, and if the first reading ex- 
ceeds the second by at least a threshold amount 
then a "1" output value is generated. Otherwise a 
n 0" is the output value. In a preferred embodiment, 
the time delay between strobing the memory cell 
and sampling its output is made longer the first time 
that the cell is read than for the second time that the 
cell is read. In this way, if the cell is storing a "0" 
bit, the first read will produce an output voltage that 
is smaller than it would have been had the first read 
not been delayed, which helps to ensure that cells 
storing "0" bit values are properly sensed. 
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The present invention relates generally to 
semiconductor ferroelectric memory devices, and 
particularly to sense amplifiers used to read data 
stored in arrays of ferroelectric memory cells. 

Most prior art ferroelectric memory devices, 
such as the memory device 100 shown in Figure 1, 
store a single bit of information in a pair of cells 
102, 104, each in a different state. For example, a 
"1" bit may be represented by storing an "up" 
polarization in ferroelectric capacitor 130 of cell 
102 and storing a "down" polarization in ferroelec- 
tric capacitor 133 of cell 104. The pair of cells 102- 
104 is read by enabling word line 106 and then 
sending a pulse on drive line 108. A sense am- 
plifier 110 at the end of bit lines 112-114 detects 
the difference between the voltages on the two bit 
lines, and amplifies that difference using a cross- 
coupled amplifier 118 to generate a data out signal. 

Since each read operation destroys the data 
stored in the ceils 102-104, a data regeneration 
circuit 120 is used to rewrite that data back into the 
cells. More particularly, the read operation puts 
both cells 102-104 in the "0" state, and a "1" state 
is restored in one of the two cells by asserting a 
high voltage (e.g., 5 volts) signal on the corre- 
sponding bit line 112 or 114 and a low voltage 
(e.g., zero volts) on drive line 108. 

Other aspects of the memory device include a 
word line address decoder 122 which decodes a 
portion of the incoming address signals into word 
line selection signals, and a control circuit 124 
which controls the timing of various clock signals 
required for operating the memory device. 

As shown in Figure 1, each cell 102 contains a 
ferroelectric capacitor 1 30 and an MOS access 
control transistor 1 32. Figure 2 shows the hyster- 
esis curve (showing the relationship between po- 
larization and electric field) associated with a typi- 
cal ferroelectric capacitor. As will be understood by 
those skilled in the art, this hysteresis curve is 
generated using a "Sawyer-Tower" circuit. For il- 
lustrative purposes we shall define that when the 
cell is in the "0" state, the polarization state of the 
ferroelectric capacitor is located at point 140 and 
when it is in the "1" state its polarization state is 
located at point 1 42 in Figure 2. 

When a read pulse is asserted on the cell's 
drive line 108, if the cell is the "1" state, the 
polarization of its ferroelectric capacitor will move 
counterclockwise up the right side of the hysteresis 
curve to the peak 144 while the pulse is at its peak, 
and then when the pulse ends, the ferroelectric 
capacitor will move to point 140. If the cell is in the 
"0" state when the read pulse is asserted, the 
polarization of the capacitor will move back up 
toward the peak 144 and then back to point 140 
after the pulse ends. Changes in the polarization 
state of the cell's ferroelectric capacitor generate 



voltage changes on the cell's bit line by capacitive 
division with the bit line's parasitic capacitance. 

thus, as shown in Figure 3, if the cell is in a 
"1" state, the read pulse "should" cause the output 

5 voltage of the cell to increase by an amount pro- 
portional to AP1 (i.e., the polarization difference 
between positions 140 and 142). if the cell is in a 
"6" state, the read pulse "should" not cause the 
cell's bit line voltage to change at all. Unfortunately, 

ro the actual voltage characteristics of ferroelectric 
cells are different from the "ideal" hysteresis curve 
shown in Figure 2. When the ferroelectric capacitor 
is first released from point 144, it actually follows 
path 146 to a point 148, and from there it relaxes 

;s back to point 140 over a period of time, which 
varies somewhat unpredictably from device to de- 
vice, but will typically take somewhere between 
100 nanoseconds and 1 millisecond. 

The net result of all this is that when a fer- 

20 roelectric cell in the "0" state is read, it produces a 
net voltage output proportional to AP0 (i.e., the 
polarization difference between positions 148 and 
140) if the output of the cell is read quickly (e.g., 
within ten or twenty nanoseconds of the time that 

25 the cell is pulsed). This presents a problem for the 
prior art memory device shown in Figure 1 in that 
the signal differential between the two bit lines will 
be less than expected. However; if the two cells 
102-104 could be relied upon to have identical 

30 device characteristics, this problem would not be 
significant 

Unfortunately, it is a well known fact that the 
device characteristics of ferroelectric cells vary 
considerably even though the cells are formed on 

35 the same monolithic integrated circuit. In particular, 
the shape of the hysteresis curves of cells changes 
overtime, and changes somewhat based on the 
voltage stored in the cells overtime. Since the two 
complementary cells used in prior art devices store 

40 opposite data, the two cells will age differently and 
their device characteristics become more and more 
different overtime. In a certain percentage of cell 
pairs, the vortage corresponding to AP0 of one cell 
will equal or exceed the voltage corresponding to 

45 AP1* (i.e., the polarization difference between posi- 
tions 148 and 142) of the other cell, thereby caus- 
ing the sense amplifier to misread the stored data. 
This problem is particularly insidious because it 
typically does not show up until the memory device 

so has been in operation for a period of time, such as 
a year, making it difficult to avoid through the use 
of device testing procedures. The problem is also 
difficult to solve because it is a statistical phenom- 
enon with a high enough rate of occurrence that it 

55 makes it virtually impossible to make reliable high 
density memory devices with, say, over a few 
thousand bits per device (although future improve^ 
ments in the materials used to manufacture such 
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cells may lessen these problems). 

In summary, prior art ferroelectric memory de- 
vices such as the one shown in Figure 1 have the 
problem that the two cells used to store each bit of 
data age differently and have different hysteresis 
curves, making data sensing unreliable. The volt- 
age output by one cell in a n 0 n state can actually 
exceed the voltage output by another cell in the 
"1" state. Furthermore, the prior art devices use 
two cells to store a single bit of data, which Is not 
space efficient. 

Claims 1, 4, and 7 define the present invention 
which addresses this problem. 

The present invention overcomes the problems 
associated with dual cell ferroelectric memory de- 
vices by (1) using a single cell with a self-referen- 
cing voltage comparison scheme for sensing the 
data state of each cell, and (2) by controlling the 
timing of the signals used to read a cell so as to 
minimize the effect of the decaying APO problem. 
Furthermore, by using a single cell for each bit of 
data instead of two cells, memory density is im- 
proved by a factor of two. 

More specifically, a ferroelectric memory de- 
vice in accordance with the present invention reads 
each cell twice, separately sampling the output 
voltage generated each time. Since the first read is 
a destructive read, the second read operation al- 
ways reads the cell in its "0" state. Then the two 
sampled outputs may be compared, and if the first 
reading exceeds the second by at least a threshold 
amount (e.g., by more than the voltage correspond- 
ing to APO), then a w 1 " output value is generated. 
Otherwise a "0" is the output value. 

A second aspect of the present invention is 
that the time delay between strobing the memory 
cell and sampling its output is made longer the first 
time that the cell is read than for the second time 
that the cell is read. In this way, if the cell is storing 
a "0" bit, the first read will produce an output 
voltage that is smaller than it would have been had 
the first read not been delayed, which will help 
ensure that a "0" bit value is sensed properly. If 
the cell is storing a "1" bit, the bit line voltage 
corresponding to AP1 will still exceed the refer- . 
ence voltage from the second read, so the reading 
of "1" bits is not adversely affected by this timing 
scheme. 

Further, while the reading of "1" bits is a 
problem with the prior art memory device due to 
the variability of the voltage corresponding to APO, 
the reading of "1" bits is very reliable using the 
self referencing scheme of the present invention. 

Additional objects and features of the invention 
will be more readily apparent from the following 
detailed description and appended claims when 
taken in conjunction with the drawings, in which: 
Figure 1 is a block diagram of a prior art array 



of ferroelectric memory cells with a sense am- 
plifier. » 
Figure 2 depicts a hysteresis loop for a fer- 
roelectric memory cell. 

5 Figure 3 compares the output voltages gen- 
erated when reading an ideal ferroelectric mem- 
ory cell with the output voltages generated when 
reading a real ferroelectric memory cell. 
Figure 4 is a block diagram of an array of 

w ferroelectric memory cells with sense amplifiers 
in accordance with the present invention. 
Figure 5 is a block diagram of a sense amplifier 
in accordance with the present invention. 
Figure 6 is a timing diagram related to use of 

is the sense amplifier shown in Figure 5. 

Rgure 7 depicts a preferred embodiment of an 
amplifier useable in the sense amplifier of Fig- 
ure 5. 

Rgure 8 is a flow chart of the preferred embodi- 
20 ment of the method of the present invention. 

Rgures 9A and 9B depicts hysteresis loops 
associated with . an alternate embodiment of the 
present invention. 

Referring to Rgure 4, there is shown a fer- 

25 roelectric memory device 200 in accordance with 
the present invention. The. memory device contains 
an array of ferroelectric memory cells 202, each of 
which is essentially the same as the cell 102 in the 
prior art device, except that only one cell is re- 

30 quired to store a bit of data. A memory cell 202 is 
selected for : access - by enabling word line 206 and 
is then read by sending a pulse or strobe signal on 
drive line 208. 

Referring to Rgures 4 and .5, there is a sense 

35 amplifier 210 at the end of each bit line 212. The 
sense amplifier 210 contains first iand second sam- 
ple and hold circuits 220 and 222, each having its 
own input control transistor 224, 226, and its own 
output gating transistor 230 and 232. The outputs 

40 from the two. sample and hold circuits 220-222 are 
coupled by gating transistors 230-232 to the inputs 
of a cross-coupled differential amplifier 238, which 
generates a data out signal. There is also a sepa- 
rate transistor 228 for grounding the bit line be- 

45 tween cell access operation^. 

As in the prior art ferroelectric memory device 
of Rgure 1 , a data regeneration circuit 240 is used 
to rewrite data back into the cell 202 after the data 
from the cell has been read and thereby destroyed, 

5a and a word line address decoder 242 decodes a - 
portion of the incoming address signals into word 
line selection signals. There is also a control circuit 
244 which generates a sequence of timing signals, 
herein called DATA STROBE, S1, S2, S3, 

55 TX_CLK and SA_CLK, required for operating the 
memory array 200 and sense amplifier 210 of the 
preferred embodiment 

Referring to Rgures 5, 6 and. 8p the sense 
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amplifier 210 detects the data stored in the se- 
lected ceil 202 as follows. First, the address de- 
coder 242 generates a word line signal WL on one 
of the word lines 206, thereby selecting one mem- 
ory cell on each bit line 212. A first DATA 
STROBE, which is a positive going pulse, is as- 
serted on the driver line 208. This puts a voltage 
signal on the bit line 212 that Is indicative of the 
data stored in the selected memory cell 202. This 
voltage is sampled by enabling signal S1, which 
closes transistor 224 and causes the first sample 
and hold circuit 220 to sample and hold the voltage 
on the bit line. Then S3 is asserted so as to return 
the bit line 212 to a known voltage (ground poten- 
tial in the preferred embodiment), thereby remov- 
ing charge from the first pulsing of the cell. 

Next, a second DATA STROBE is asserted on 
the driver line 208. This puts a reference voltage 
signal on the bit line 212 that is indicative of the 
voltage associated with the selected memory cell 
202. This voltage is sampled by enabling signal S2, 
which closes transistor 226 and causes the second 
sample and hold circuit 222 to sample and hold thie . 
voltage on the bit line. 

After the two voltage signals have been stored 
in sample and hold circuits 220 and 222, the 
TX_CLK is enabled to as to pass these voltage 
values to differential amplifier 238. Shortly after 
TX_CLK is enabled, the sense amplifier clock 
SA__CLK is enabled, which causes the amplifier to 
amplify the voltage differential on lines 250 and 
252 and to generate an output signal indicative of 
the data stored in the selected cell. The 
REGEN_CLK is . then enabled after the amplifier 
238 has done its work, enabling the data regenera- 
tion circuit 240 to rewrite the read data value back 
into the selected memory cell. Finally, S3 is as- 
serted a second time so as to return the bit line 
212 to a known voltage (ground potential in the 
preferred embodiment) in preparation for the next 
memory access cycle. 

The amplifier 238 is more properly described 
as a comparator which generates a high voltage if 
the voltage on line 250 (i.e., the voltage generated 
by . the first strobing of the selected memory cell) 
exceeds the voltage on line 252 (i.e., the reference 
voltage generated by the second strobing of the 
selected memory cell) by at least a threshold val- 
ue. More particularly, the amplifier 238 is biased or 
imbalanced so that the voltage held in sample and 
hold circuit 220 for a cell storing a "0" bit will not 
be inadvertently read as a "1" bit. As will be 
understood by those skilled in the art, this imbal- 
ance can be generated either with a small biasing 
voltage, a small capacitor on one side of the sense 
amplifier, or by using different size transistors on 
the two sides of the amplifier. A preferred embodi- 
ment of this amplifier 238 is shown in Figure 7. The 



"biasing capacitor" in this circuit adds a predefined 
amount of charge to the reference side of the 
amplifier, approximating the required threshold for 
ensuing that a "0" is not read as a "1 

& Referring to Figure 2, it cart be seen that when 

a cell storing a "0" bit is first read, a fairly large 
voltage (representative of AP0) may be stored in 
the first sample and hold circuit 220. The. second 
strobing of the memory cell will typically occur well 

to before the voltage of the ferroelectric capacitor in 
the cell has recovered to point 140 in the hyster- 
esis curve. Therefore, depending on how quickly 
the ferroelectric capacitor recovers from position , 
148 in the hysteresis curve and the relative timings 

75 of the various control signals used to strobe the> 
cell and sample its outputs, the reference voltage 
(corresponding to AP0) generated during the sec- 
ond strobing of the cell may well be smaller than 
the voltage generated during the first strobing of 

20 the cell. As a result there is strong likelihood that a 
. straight, unbiased, voltage comparison of the two 
stored voltages would work incorrectly when read- 
ing a "0" bit. 

The present invention preferably uses two 

25 techniques to solve this potential problem. First, as 
stated above, the amplifier 238 is biased or imbal- 
anced so that the voltage on line 250 from the first 
sampling of the bit line must exceed the reference 
voltage on line 252 by at least a predefined margin 

so in order for the amplifier to generate a "1" data 
output value. Thus the voltage held in sample and 
hold circuit 220 for a cell storing a "0" bit will not 
be inadvertently read as a "1" bit 

Referring to the timing diagram of Rgure 6, a 

35 second technique is used in the preferred embodi- 
ment to further reduce the potential for an erro- 
neous reading of a cell holding a "0" bit. in particu- 
lar, the elapsed time AT1 between the first data 
strobe signal and the first sampling of the bit line is 

40 made much longer than the elapsed time AT2 
between the second data strobe signal and the 
second sampling of the bit line. Looking at the 
hysteresis curve of Rgure 2, one can see that 
lengthening AT1 relative to AT2 reduces the volt- 

45 age (representative of AP0) for the first sample and 
hold, and also increases the voltage for the second 
(AP0 reference) sample and hold. AT2 will typically 
. be made as short as possible so as to . make the 
access time of the memory device as fast as 

so possible. Thus, the selection of AT1 is a com- 
promise between fast access time and ensuring 
that a "0" is not read as a "1". 

AT3 represents the time delay between data 
strobes. Making AT3 long compared to AT2 also 

55 helps to increase the size of the reference voltage, 
which makes the comparison of the two sampled 
voltages easier to accomplish in an error free fash- 
ion. However, in most implementations it is. ex- 
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pected that the second data strobe will be gen- 
erated as soon as the first sampling of the bit line 
has been accomplished, making AT3 only slightly 
longer than AT1 . 

The inventors' preferred guidelines for setting 5 
relative values of AT1, AT2 and AT3 are as fol- 
lows: 10 * AT2 > AT1 > 2 * AT2 (i.e., AT1 is 
preferably between two and ten times as long as 
AT2). Due to practical considerations, particularly 
the need for fast access times, AT1 should gen- 10 
erally be between three and five times as long as 
AT2. 

In the preferred embodiment, described above, 
each cell read cycle requires the cell to be strobed 
with two upward going pulses (see data strobe 75 
signal in Figure 6). Referring to Figures 9A and 9B, 
in an alternate embodiment, the ferroelectric cell is 
strobed first with an up pulse and then with a down 
pulse. In this alternate embodiment the cell and 
other circuitry described above is unchanged, ex- 20 
cept for a small change to the sense amplifier 
which will be described below. 

If the cell being read is storing a "OVthe 
reaction of the cell to the two data strobe pulses is 
shown in Figure 9A. The first pulse causes the 25 
polarization of the ferroelectric capacitor in the ceil 
to move from position A to position B, and then to 
decay over time back toward position A. This gen- 
erates a small positive voltage on the bit line equal 
to 30 

Voltage(C) - Voltage(A). 

This voltage, which corresponds to position C 
(the exact position of which depends on how long 35 
one waits after, the first pulse) is sampled and held 
in S&H 220 of Figure 5. The second pulse causes 
the polarization of the ferroelectric capacitor in the 
cell to move from position C to position D, generat- . 
ing a much larger negative voltage (equal to the 40 
voltage at D minus the voltage at C) on the bit line 
which is stored in S&H 222. 

If the cell being read is storing a "1", the 
reaction of the cell to the two data strobe pulses is. 
shown in Figure 9B. The first pulse causes the. 45 
polarization of the ferroelectric capacitor in the cell 
to move from position A 1 to position B\ and then to 
decay to position C\ This generates a positive 
voltage on the bit line of 

50 

Voltage(C') - Voltage(A') 

which is sampled and held in S&H 220 of Figure 5. 
The second pulse causes the polarization of the 
ferroelectric capacitor in the ceH to move from 55 
position C* to position D\ generating a negative 
voltage (equal to the voltage at D' minus the volt- 
age at C) on the bit line which is stored in. S&H 



222. 

In this alternate embodiment, comparator 238 
first adds the two voltage signals stored in S&H 
220 and 222, and then compares the resulting 
voltage with a small, negative reference voltage. If 
the combined S&H signals produce a voltage that 
is more negative than the reference voltage, the 
cell is read as a "0" bit; otherwise the cell is read 
as a "1" bit. It should be noted that the comparator 
238 is still comparing the contents of the first S&H 
220 with the contents of the. second S&H 222, but 
in this embodiment the form of the comparison is 
as follows: "is the magnitude of the voltage in the 
first S&H 220 significantly less than the magnitude 
of the voltage in the second S&H 222 (i.e., is it 
smaller by at least a predefined theshold amount)- 
?•" If so, the cell is storing a "0 rt , otherwise it is 
storing a "1". 

This alternate embodiment has the advantage 
that each and every read cycle goes around the 
entire hysteresis loop regardless of whether the 
cell stores a "0 W or a "1 " value, and thus results in 
more uniform handling of memory cells. It also 
allows the use of shorter the time delays AT1, 
AT2, and AT3 discussed above, because it is 
easier to distinguish between "0" and "1" cells 
using this alternate embodiment. 

While the present invention has been de- 
scribed with reference to a few specific embodi- 
ments, the description is illustrative of the invention 
and is not to be construed as limiting the invention. 
Various modifications may occur to those skilled in 
the art without departing from the true spirit and 
scope of the invention as defined by the appended 
claims. 

Claims 

1. A ferroelectric random access memory, com- 
prising: 

at least one column of ferroelectric mem- 
ory cells, each column of memory cells coup- 
led to a distinct bit line, each memory ceH 
being selectively coupled to said correspond- 
ing bit line by an access control transistor so 
that only one memory ceil in said column is 
coupled to said bit line at a time; 

control means, coupled to said memory 
cells, for strobing a selected memory cell in 
said at least one column of memory cells a 
first time, and then waiting for a predefined 
period of time before strobing the same se- 
lected memory cell a second time; wherein 
each said strobing of said selected memory 
cell produces a resulting voltage signal on said 
bit line coupled to said selected memory cell; 

a sense amplifier coupled to said bit line 
and said control means, said sense amplifier 
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including a first sample and hold circuit which 
samples and holds a data voltage level on said 
bit line resulting from said first strobing of said 
selected memory cell, a second sample and 
hold circuit which samples and holds a refer- 5 
ence voltage level on said bit line resulting 
from said second strobing of said selected 
memory cell, and a differential amplifier which 
compares said data voltage level stored in said 
first sample and hold circuit with said refer- 10 
ence voltage level stored in said second sam- 
ple and hold circuit and generates an output 
bit value based on said comparison. 

2. The ferroelectric random access memory of 75 
Claim 1, wherein said differential amplifier 
which outputs a first bit value when the data 
voltage level held in said first sample and hold 
circuit exceeds the reference voltage level held 5- 
in said second sample and hold circuit by at 20 
least a predefined threshold and which other- 
wise outputs a second bit value which is the 
inverse of said first bit value. 

3- The ferroelectric random access memory of 2s 
Claim 1, wherein said first sample and hold 
circuit samples said data voltage level on said 
bit line a first predefined amount of time after 
said first strobing of said selected memory 
cell, said second sample and hold circuit sam- 30 
pies said reference voltage level on said bit 
line a second predefined amount of time after 
said second strobing of said selected memory 
cell, said first predefined amount of time being 
at least twice as long as said second predefin- 35 6. 
ed amount of time; 

whereby said predefined amounts of time 
are selected so as to reduce said data voltage 
level relative to said reference voltage level. 

40 

4. A ferroelectric random access memory, com- . 7. 
prising: 

an array of ferroelectric memory cells ar- 
ranged in rows and columns, each column of 
memory cells being coupled to a distinct bit 45 
line, each memory cell being selectively coup- . 
led to said corresponding bit line by an access 
control transistor so that only one memory cell 
in said column is coupled to said bit line at a 
time; so 

at least one sense amplifier coupled to one 
of said bit lines, said sense amplifier including 
first and second sample and hold means for 
sampling and holding a voltage level on said 
bit line, and a differential amplifier which out- 65 
puts a first bit value when the voltage level 
held in said first sample and hold means ex- 
ceeds the voltage level held in said second 



sample and hold means by at least a predefin- 
ed threshold and otherwise outputs a second 
bit value which is the inverse of said first bit 
value; and 

control means, coupled to said array of 
memory cells and said at least one sense 
amplifier, for strobing a selected memory cell a 
first time, storing a resulting data voltage level 
on the bit line coupled to said selected mem- 
ory cell in said first sample and hold means of 
said sense amplifier, then strobing, said se- 
lected memory cell a second time, storing a 
resulting reference voltage level on the bit line 
coupled to said selected memory cell in said 
second sample and hold means of said sense 
amplifier, and then enabling said differential 
amplifier so as to generate an output bit value. 

The ferroelectric random access memory of 
Claim 4, wherein said first sample and hold 
means samples said data voltage level on said 
bit line a first predefined amount of time after 
said first strobing of .said selected memory 
cell, said second sample and hold means sam- 
ples said reference voltage level on said bit 
line a second predefined amount of time after 
said second strobing of said selected memory 
cell, said first predefined amount of time being 
at least twice as long as said second predefin- 
ed amount of time; 

whereby said predefined amounts of time 
are selected so as to reduce said data voltage 
level relative to said reference voltage level. 

The ferroelectric random access memory of 
Claim 1 or 4, wherein said memory includes 
means for setting said bit line to a predefined 
voltage prior to each strobing of said selected 
memory cell. 

A method of operating a ferroelectric random 
access memory, said memory containing an 
anay of ferroelectric memory cells arranged in 
columns, each column of memory cells being 
coupled to a distinct bit line, each memory cell 
being selectively coupled to said correspond-, 
ing bit line by an access control transistor so 
that only one memory cell in said column is 
coupled to said bit line at a time; the steps of 
the method comprising: 

selecting a memory cell in at least one of 
said columns of memory cells by enabling said 
memory cell's access control transistor and 
thereby coupling said selected memory cell to 
a bit line; 

strobing said selected memory cell so as 
to produce a data voltage level on said bit. line 
indicative of data stored in said selected mem- 
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ory. cell; 

sampling and holding said voltage level on 
said bit line in a first sample and hold circuit; 

strobing said selected memory cell a sec- 
ond time so as to produce a reference voltage 5 
level on said bit line indicative of device char- 
acteristics of said selected memory cell; 

sampling and holding said reference volt- 
age level on said bit line in a second sample 
and hold circuit; w 

comparing said data voltage level stored in 
said first sample and hold circuit with . said 
reference voltage level stored in said second 
sample and hold circuit, and generating an 
output bit value based on said compan'son. 15 

8. The method of operating a ferroelectric ran- 
dom access memory set forth in Claim 7, said 
comparing and generating steps generating a 

first bit value when the data voltage level held 20 
in said first sample and hold circuit exceeds 
the reference voltage level held in said second 
sample and hold circuit by at least a predefin- 
ed threshold and otherwise outputs a second 
bit value which is the inverse of said first bit 2s 
value. 

9. The method of operating a ferroelectric ran- 
dom access memory set forth in Claim 7, 
wherein 30 

said first sampling step is performed a first 
predefined amount of time after said first strob- 
ing step; said second sampling step is per- 
formed a second predefined amount of time 
after said second strobing step; said first 35 
predefined amount of time being at least twice 
as long as said second predefined amount of 
time; 

whereby said predefined amounts of time 
are selected so as to reduce said data voltage 40 
level relative to said reference voltage level. 

10. The method of operating a ferroelectric ran- 
dom access memory set forth in Claim 7, 
further including the step of setting said bit line 45 
to a predefined voltage prior to each said 
strobing step. 
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